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INTRODUCTION

PURPOSE

This study was conducted to determine the maximum safe
stack height of 73 different, fully loaded, free-standing
Navy weapons containers when placed in magazine storage.
This effort has been requested by Naval Weapons Station
Seal Beach as part of PIF92, identified in Missile Storage/
Retrieval System Project SO6F92.

BACKGROUND

The ending of the Cold War has brought about a need to
better utilize existing magazine storage space. The resulting
storage problems came about due to a dramatic reduction in
the amount of weapons being stored overseas, the Navy's
fleet being downsized, and the Department of Defense reduc-
ing the budget for construction of new magazines. Asa
result of these problems, a new emphasis has been placed
on maximum utilization of existing magazine storage space.
This increased utilization requires maximizing container
stack heights. In most cases, contalners have been designed
to withstand superimposed loads equal to a 16-foot high
stack. Until now, container stability at maximum stack
height has not been evaluated.
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SCOPE

In the process of determining the safe stacking height for the
identified container models, the following items were evalu-
ated:

. The lateral force required to cause sliding
between containers

. The lateral force required to tip over the stack

. The lateral displacement required to tip over the
stack

The evaluation of these forces and displacement was made
under the following conditions:

. On a level floor
. On a floor inclined 3 degrees
. With a lateral force applied 5 feet above floor

. With a lateral force applied near the top of a
stack

The recommendation section of this study contains a table
showing the safe stacking height for each of the requested
containers. In addition, a sample calculaticn is presented to
assist in determining the safe stacking height for new
containers or those not specifically addressed in this study.

In addition, the analysis includes calculations of seismic
uplift and a chart relating maximum stack height to four
different seismic zones in the United States.




Technical Qeport 93003

T W T
METHODOLOGY

PARAMETERS CONSIDERED

The following factors were considered in the study of stacked
container stability:

G<. cral Container Characteristics

. Identitication of Styles

Container Characteristics Considered for Investigation

Width to Height Ratio

Stacking Interface Effectiveness
Weight

Dimensional Tolerances
Container Structural Integrity

Storage Site Conditions Considered for Investigation

. Levelness of Floor
. Force and Displacement Applied to Containers
. Seismic Activity
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GENERAL CONTAINER CHARACTERISTICS

Identitication Containers which are the subject of this study are reusable

of Styles weapons containers consisting of several styles and mate-
rials. The style of containers being studied can be described
as follows:

. Formed Sheet Metal
. Extruded Sidewall

. External Frame (With Fixed Stacking Arms)
and Pod

. External Frame (With Retractable Stacking
Arms) and Pod

. Stacking Frame with Skid

. Molded Plastic/Fiberglass

. Wood Crate/Box
A short description of each style is provided below:
Formed Sheet Metal

This type of container is one fabricated from either steel

or aluminum consisting of a welded frame, a protective
covering of formed sheet metal and a plastic foam/
elastomeric isolation system. (See figures 1 and 2.) This
style was prominent in the past and many of these contain-
ers are in inventory.

Under this category, the riveted metal container can be
considered. This type of container is one having a formed
sheet metal shell, an internal frame for structural support,
and a plastic foam/elastomeric isolation system. (See
figure 3.)
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FIGURE 1
Formed Sheet Metal (Mk 372 Mod 7)

FIGURE 2
Formed Sheet Metal (Typical for Cylindrical Style)




FIGURL J
Formed 3heet Metal, Riveted (Mk 200 Mod 1)

Extrudod Gldewasl|

This type ol contatner (s one fnbricated from sluminum,
having an extruded shape for the sides and ends with o
sheet used for the op and bottom.  (tsee figusen 4 und b))
The isolaton systen can be plastie fuaim cushions or a
crudle supported by elastoinerie mounts, ‘Miese conitalnen,
due to thelr low cost to anufacture and rugedicess, have
been the container of cholee for ust applications durtng the
lust veverul yeuars,
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FIGURE 4
Extrudod Sidewall (Mk 724 Mod 1)

FIGURE §
Exiruded Sidewall (CNU-415A/E)
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External Frame (With Fixed Stacking Arms) and Pod

This type of container consists of two major parts, the exter-
nal frame and a pod or protective shell. (See figures 6

and 7.) The external frame {s made of structural aluminum
or steel shapes welded into an assembly. The stacking fea-
tures consist of four fixed height stacking posts. The pod
part of the container consists of the weapon support struc-
ture covered by a protective plastic or fiberglass shell. The
pod is mated to the frame either directly or through elasto-
meric isolators.

FIGURE 6
Extemal Frame With Fixed Stacking Arms and Pod
(CNU-287/E)
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FIGURE 7
External Frame With Fixed Stacking Arms and Pod
(Mk 30 Mod 1)

External Frame (With Retractable Stacking Arms) and Poc

This type of container consists of the same major parts as
the previous style. The one additional feature is that the
fixed height stacking posts have been replaced by four multi-
position telescoping arms. (See figures 8 and 9.) This tele-
scoping feature allows the projecting arms to be retracted
down during weapon loading or unloading. In order for the
telescoping feature to work consistently, a large amount of
lateral play must be designed into the arin assembly.
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10

FIGURE 8
External Frame and Pod With Retractable,
Folding Style, Stacking Arms (Mk 14 Mod 0)

FIGURE 9
External Frame and Pod With Retractable,
Telescoping Style, Stacking Arms (CNU-242A/E)
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Stacking Frame With Skid

This type of container uses a metal launch canister as the
container with several assemblies being added to facilitate
handling, storage, and transportation. (See figure 10.) The
assemblies include two shipping skids with elastomeric
mounts, two stacking frames with several top mounted
locating pins to act as a stacking interlock, and two forklift
pockets.

FIGURE 10
Stacking Frame With Skid
(Typical for Mk 13, 14, or 15)

Molded Plastic/Fiberglass

This type of container consists of the cover shell, the base
shell, and the isolation system. (See figures 11 and 12.)
This style of container has interlocking features molded into
the cover and base. The {solation system consists of plastic
foam saddles or a support cradle with elastomeric mounts.
For this type of container the stacking strength is dependent
on the sidewalls of the cover and base shell. Like the formed
metal container, this style was widely used in the past with
many still in inventory.

11
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FIGURE 11
Molded Plastic/Fiberglass
(CNU-491/E)

FIGURE 12
Molded Plastic/Fiberglass
(CNU-308/E)
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Wood Crate/Box

As the title suggests, this type of container is made using
lumber. It is assembled with threaded fasteners, nails, or
clips to assure structural integrity. The isolation system, if
utilized, consists of plastic foam saddles. Typically, this type
of container does not have stacking interlock features. (See
figure 13.)

FIGURE 13
Wood Crate/Box (Typical)
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CONTAINER CHARACTERISTICS CONSIDERED FOR

INVESTIGATION
Width to Paramount to the subject of stacked container stability is
Height Ratio the width to height ratio. Inherently, a larger width te

height ratio results in a more stable container stack. For
each of the containers studied, the applicable engineering
drawings were examined with the width and height of each
being listed in table 1 (Appendix A). The table identifies
cases where the container drawings were not readily
available. The dimensions used for those containers were
supplied by the sponsor of this study. In the table, the
container models show two widths and two heights. The
first, under each category, is the maximum for the con-
tainer. The second value, under each category, is located at
the container stacking interface. This second dimension will
have an influence on stack stability. Depending on the
container style, both widths can be the same. Figure 14
ilustrates this distinction. Note that for the example shown,
the base is narrower than the overall width of the container.
This narrowness of interface surfaces results in a condition
of reduced stability when compared to other container
styles. In addition, depending on style, both the container
heights can be identical. For this study the container length
is not considered an issue with regard to stability, since a
stack wili always be less stable laterally than longitudinally.

Stacking The stacking interface {s the method in which containers
Interface either nest or interlock with one another when stacked. Its
Effectiveness effectiveness in controlling stack stability is primarily deter-

mined by the height of the stacking interlock feature. For
containers without interlock features, the effectiveness is
determined by the combined weight of the containers above
and the coeflicient of friction between containers. The effec-
tiveness of stacking interface is considered important to
container stacking stability. Figure 15 shows a typical
stacking interface for an extruded sidewall container design.

14
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The gross weight for each container being studied, has been
listed in table 1. Although gross container weight can vary
within the same missile model due to variants (e.g., type of
warhead, type of guidance section, etc.) the values presented
are representative. The difference in weight between missile
variants does not affect the conclusions made in this study.
Gross weight of each container is under consideration
because it will act as a restoring force to the container stack
when external lateral forces are applied.

An early part of this study focused on the effect of dimen-
sional tolerances on stacking stability. In theory it was
thought, that when a maximum difference of container
height tolerances occurred, the stack would lean signifi-
cantly as the stack grew. (See figure 16.) As a result of the
study, it was found that even with the worst possible stack
up of height tolerances on a 3-degree sloped floor, an
unstable condition would not occur within the magazine
height limits. It can be concluded, that dimensional height
tolerances are not a limiting factor in container stack
stability.

Container structural integrity is defined as the ability of
the container to support superimposed loads without
permanent deformation or structural failure. If container
geometry would change substantially under this type of
loading, the center of gravity for each container can
progressively shift away from the geometric center line of the
stack resulting in an unstable condition. Because most of
the containers being investigated have been tested for
conformance with the stacking strength requirements of
MIL-STD-648 and FED-STD-101, structural deformation is
not considered an issue with stacking stability.

17
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CNU—-415 A/E (AMRAAM)

A

—_—

192.00"
(16 FEET)

169.117

35.97°

FIGURE 16
Typical Stack Diagram from Dimensional Tolerance Study

18
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STORAGE SITE CONDITIONS CONSIDERED FOR
INVESTIGATION

Leveiness
of Floor

Force and
Displacement
Applied to
Containers

The condition and slope of the surface upon which a stack of
containers rests is an important consideration in determin-
ing stability. This study assumes that containers would be
stacked on a smooth floor without any protrusions or debris
which could influence the stack stability. A survey of the
typical magazines at Naval Weapons Station Earle indicates
that floors can have a slope of 1-1/2 degrees. In recognition
that floors at other locations can have a larger slope, a value
two times higher (3 degrees) has been selected. Examples
presented in this study will include calculations for a con-
tainer stack on a level floor in addition to a floor having a
3-degree slope.

For those applications exceeding a 3-degree slope, an exam-
ple and graph has been presented showing the maximuin
floor angle to topple container stacks of varfous width to
height ratios. (See example 3 and filgure 19.)

Since this study is applicable only to containers stacked in
enclosed magazines, tip over motion will be caused by
contact with forklift truck or personnel. Both types of con-
tact have been evaluated by calculating the force applied or
the resulting displacement.

The analysis section of this study uses a lateral force,

5 feet above the floor to stinulate the force a person could
apply. The lateral displacement required for stack tip over
has been calculated at two elevations, 5 feet above the floor,
and at the top of the upper most contalner. The upper most
container location 1s used to stmulate forklift truck contact
at the top of a stack.
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Seismic Dynamic forces due to carthquakes arc & special cane since

Activity there are a number of variables which will affect container
stack stabllity. Ground waves can be a combination of
random and sinusoldal (nput, producing significant vertical
and lateral movement, Additdonally, earthquake intensity
can vary {rom cvent to event and frotn location to location.
Since the study of seismology is n speclalized selence,
assistance to accomplish this phase of the study was sought
from the Naval Civil Engineering Laboratory (NCEL), Port
Hueneme, Callfornia. NCEL responded by supplying a scrics
of calculatons showing the effect of viarious selsmic acceler-
sUonms on nostack of containers. Theae calculaions ure pre-
scnted W the analysts sccton of this report,

-
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ANALYSIS

The analysis process required presenting the possible modes of
stack fallure in a logical order. This order begins with the
fdentflcation of the analysis assumptions, followed by calculations
on the baslc container stacking limitations and proceeding
through each possible mode of non-sefsmic fallure. The analysis
scction concluden with the development of a stabllity criteria and
calculations on stack limits with selsmic activity.

CONTAINER DATA TABLES

To assist (n explaining the calculations being presented,
table 2 (Appendix A) was developed. This table presents
information on the requested containers in order of
increasing stacking width.
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ASSUMPTIONS

To limit the number of variables requiring consideration, the
following reasonable assumptions were made:

The container center of gravity is located at the
container geometric center.

The weight of the container is uniformly distrib-
uted over the volume of the container.

The maximum available magazine height is

16 feet. This height limit was selected because
most of the identified containers have been
designed and tested for stacking strength at this
value per MIL-STD-648 and FED-STD-101,
Method 5016.1.

Any force under consideration, is applied paral-
lel to the floor.

The floor does not have any lrregularities which
would cause rocking of the base container.

Containers are "Condition Code A" (as deflned in
MIL-STD-129).

Containers stacked properly with available inter-
locking features engaged.

Containers are placed as a free-standing stack
without contacting magazine walls or other
container stacks.

Storage in land-based miagazines.

All multi-round contaltners are fully loaded.
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NON-SEISMIC CALCULATIONS

Maximum Number of Stacked Containers Within 16-Foot Limit
(Floor Level, No External Forces)

In the process of analyzing the modes of stack stability failure, it is necessary
to define the maximum number of containers possible to be stacked within
16 feet. Figure 17 shows a curve relating the maximum number of containers
in a 16-foot stack to the individual container height. The formulas used to
develop this curve are shown in example 1. In an actual magazine the
stacking height may be limited to a smaller value due to various factors (e.g.,
overhead lights, column caps, and hoist systems). Because of the possible
variations in ceiling obstruction height, all container quantities have been
adjusted to fit the top container within the 16-foot iimit without allowing for
additional space. Column 5 in table 2 presents the maximum stack height,
within the 16-foot limit, for each of the containers being studied.
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FIGURE 17
Maximum Number of Stacked Containers Within 16-Foot Limit
(Level Floor, No External Force)
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EXAMPLE 1
Defining the Maximum Number of Stacked Containers (N) Within the
16-toot Limit (Level Floor, No External Forces)

N = [lg]
y
where
N - total number of containers in a stack within a 16 foot limit,
individual container stacking height in feet,

—<
e

quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4. .. etc.).

5)rev =5

Y (16/y)-1 (16/y) N
(1)
1.0 15.00 16.00 16
1.1 13.55 14.56 14
1.2 12.33 13.33 13
1.3 11.31 12.31 12
1.4 10.43 11.43 1
1.5 9.67 10.67 10
1.8 9.00 10.00 10
1.7 8.41 9.41 9
1.8 7.89 8.89 8
1.9 7.42 8.42 8
2.0 7.00 8.00 8
2.1 6.62 7.62 7
2.2 6.27 7.27 7
2.3 5.96 6.96 6
2.4 5.67 6.67 6
2.5 5.40 6.40 6
2.6 5.15 .15 6
2.7 4.93 5.93 5
2.8 a.71 5.71 5
2.9 4.52 5.52 5
3.0 4.33 5.33 5
3 4.16 5.16 5
3.2 4.00 5.00 5
33 3.85 4.85 4
3.4 3N 4.71 4
35 3.57 4.57 4
38 3.44 4.44 4
a7 3.32 4.32 4
38 3.21 4.21 4
3.9 3.10 4.10 4
a0 3.00 4.00! 4!
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Maximum Number of Stacked Containers Within 16-Foot Limit
(Floor Sloped 3 Degrees, No External Forces)

The calculations shown in example 2 define the maxdimum number of stacked
containers before tipping over, on a floor having a 3-degree slope and no
external forces. Figure 18 graphs the resuits. Four dashed line curves
represent the stability limits as a factor of width to height ratio. The figure is
used by locating the intersection of container height and width to height ratio
for a specific container. If the intersection is above the 16-foot limit line, then
the stack {s limited by ceiling height. If it is below the 16-foot limit line, the
stack Is limited by stability. In evaluating the containers identified in this
study, none fall below the solid line. Therefore, all containers evaluated in this
study have their maximum stack height limited by the 16-foot vertical
envelope.

EXAMPLE 2
Maximum Number of Stacked Containers
(Floor Sloped 3 Degrees, No External Forces)

KRR

e
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1. ASSUMPTION

. Floor is sloped 3 degrees.

. Container stack acts as a unit.

. The center of gravity (CG) of the loaded container is at the
geometric center of the container.

2.  EQUILIBRIUM CONDITION
8,,=90° -3° =87°

:N=()+Tan® ,=()*Tan87°
y y

N = [19.os~(£)
y

where
N - total number of containers in a stack,
X - individual container stacking width in feet,
y - individual container stacking height in feet,
x/y = width to height ratio,
e, = critical angle for tip over to occur,

,_
—
[]

quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4. .. etc.).
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After calculating the number of containers "N" for each of the width to height
ratios, the following points were plotted as dashed lines on figure 18.

&

y N
0.5 9
1.0 19
1.5 28
2.0 38

From example 1, the number of containers "N" limited to 16 feet for each of the
width to height ratos, was plotted as a solid line on figure 18,

80
] RANGE OF WIDTH & MEIGHT
0 4 x/y=2.0 1 #<Wdth <4 f
+ > r— —— —— — —@ 1 ## < Helght < 4
e ]
o
‘E -+~
2 0+ x/y=1.3
g T - SR S -— A — —
[8) +
S T
H 20 ~_ x/y=1.0
'2 1 —— e — —,— — ——— ———.—— — —a
: -
<
1
10 + x/y=0.5
‘[ O—— —— —O—— — = — ——O——— —— —(
| Within 16° fim
0 : — % | -+ —
0.8 1.0 1.8 2.0 23 3.0 3.9 4.0

Halght of Contairier (#)

FIGURE 18
Maximum Number of Stacked Containers
On 3-Degree Sloped Floor (Without External Force)
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Maximum Floor Angle for a Container Stack, No External Forces

The calculations shown in example 3 and the resulting figure 19 shows the
floor angle and number of containers for tipping over to occur as a function of
width to height ratio. The curves were calculated for container width to height
ratios ranging from 0.5 to 2.0. The range of floor angles shown (3 to 20
degrees) are not practical for real world storage. They have been presented to
show that for a constant width to height ratio, the number of containers in a
stack must be decreased as the angle of the floor increases to prevent a tip
over condition. Column 6 in table 2 presents the maximum floor angle before
tip over occurs for each of the containers being studied. This value was
calculated using the same equations and limitations as shown in example 3.

EXAMPLE 3
Maximum Floor Angle for a Container Stack, No External Forces

l el
“]
%)
H=N-v ?\--T
|
T H/2
!éi ‘ Angle
ﬂ_‘ |
—T'- of
»1/ mll Floor
v ) |
' L v ¥ Y.
S L
ol X g '
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1. ASSUMPTION

. Floor is sloped © degrees.

. Container stack acts as a unit.

. The center of gravity (CG) of the loaded container is at the
geometric center of the container.

2. EQUILIBRIUM CONDITION

« N = [(i) + Tan ec,]
y

where
N - total nuimnber of containers in a stack,
X - individual container stacking width in feet,
y - individual container stacking height in feet,
x/ly = width to height ratio,
6., - critical angle for tip over to occur,

p—
—

quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4. .. etc.).

: Number of containers in stack
Floor Angle © =N -

3 | s | 10° | 15° | 20° | 25°
(X/Y)= 0.5 9 | 5 | 2] 11 |1
1.0 19 | 11| s | 3|22

15 8|17 | 8| 5| 4|3

2.0 38|22 |11] 7|5 | 4
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40

4+ x/y=2.0a
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4 \_\ Width /Height Rutlo (x/y)
c 30 —Jr— i
g _[ x/y=1.8 _ \\
s ] \
e 4
o 4
Q 20 \
S _jF x/y=1.0 »
- N
© T ™~
.g 4 ~
3 T . : \A\
Z 10 T+ x/y=0.5 : .

o :
0 5 10 15 20

Angle of Floor (Degree)

FIGURE 19
Maximum Floor Angle for a Container Stack
(Without External Force)
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Lateral Stability for Retractable Stacking Arm Containers

Most of the containers considered in this study, have been mathematically
modeled as being rigid in the lateral direction. The one style of container
which does not easily fit this criteria are those with retractable stacking arms.
As described previously, this feature allows the arms to be retracted down
during weapon loading or unloading. In order for the retractable stacking
arms to work consistently, an amount of lateral play must be designed into the
arm assembly. Figure 20 displays the maximumn amount of lateral displace-
ment that could be expected for one style of retractable stacking arm
container. For this style, the horizontal surface on the retractable stacking
arm and the rigid base of the upper container align. The result is a self-
centering action which reduces the amount of lateral play that would occur in
a stack. Using the longest stacking arm length of the containers being
studied, Detail "A" (figure 21) shows thc forces due to we.ght alone. At this
point the forces are vertically aligned. When a forklift truck or person makes
contact with the container stack, a lateral force is applied. This force results
in a lateral displacement equal to the distance available by the r-tation of the
stacking arm. Upon removing the applied lateral force the weight forces are
misaligned as shown in Detail "B". The misalignment of the weight forces
results in a restoring moment acting about the lower coitainer stacking arm
pivot point. This restoring moment returns the stacking arm to its original
position where the weight forces are aligned. As the equations in Detail "B”
indicate this restoring moment increases as the weight above the interface
increases. A test performed at the PHST Center on a stack of six PHOENIX
CNU-242A/E Containers verified this theory. A videotape was taken recording
this test. The self-centering action described should be representative for all
retractable stacking arm containers.

In addition to the self-centering action, another factor controlling stack
stability is container width. Containers of this style are some of the widest
requested for this report. The containers in question are located in table 2
within the group having a stacking width ranging from 36 to 38 inches. To
prove the stablility, the following calculation was performed on the container
shown in figure 20. When this container is stacked eight high, and a lateral
force is applied at the top, the top of the stack can be displaced 4.21 inches
without the base pivoting. From table 2 {column 9, {tem no. 62) it can be secn
that 4.21 inches displacement is less than the displacement at tip over
(27.71 inches). While it appears that the retractable stacking arm style of
container will form an unstable stack, calculations and testing indicate the
opposite.
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Possible Modes of Stack Fallure

The next area under consideration, was container stack height with external
forces being applied. Belore calculations could be performed the modes of
stack fallure needed to be defined. It was determined that stack fallure could
occur a one of three ways. The flrst mode was containers sliding on con-
tainers. The second mode was a stack of containers tipping over at the inter-
face between the stack base and floor. The third mode was a combination of
sliding and tpplng at any interface level between containers. Figure 22 shows
each of these fallure modes.

The application of forces necessary to cause any of the above fallure modes
was determined next. In 4 magazine, an assumnption was made that forces
could be applied in one of two ways. The flrst is that {n mancuvering, a forklift
could tnadvertently contact a stack of containers. This accidental contact
could occur either upon placing a contatner on a stack without a spotter or
upon remnoving the fork tines at an angle after container placement. The
sccond method in which toppling forces could be applied, {s with storage
personnel leaning or pushing aguinst a stack.

Resolving the issue of contact between a forklift and the container stack meant
deflning vehicle speed at contact, vehicle mass, whether brakes were applied,
surface condition of the magazine floor, and operator response tine. While all
of these factors exist, "how far" the forklift displaces the stack is considered to
be the most important parameter. Whether the torklift ts traveling at 2 miles
or 2 feet per hour, the stack will eventually be displaced far enough: beyond the
point of stabllity that it will tip over. For this reason, minimum displacement
to tip over was used as a criteria in the analysis. The clevation for this
calculation was the distance from the floor to the top of the upper-most
container in a stack.

Resolving the 1ssue of storage personnel leaning or pushing against the stack
meant deflung a range of shoulder helghts and the maximum force a person
could apply. It was determined that all calculations be performed using a force
being appiied at 5 tcet above the floor, The maxtmum amount of force a

person cen apply from shoulder height was found in MIL-HDBK-759B

(table 51). In that table, the horizontal force a person can apply through one
shoulder while standing on a high traction surface (4 = .9) was identifled as
310 N (67.9 pounds).

34
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des of _3liding

Four Possible Failure Mcdes of _Tipping

Eight Possible Failure Modas of _Tipping + _Sliding

FIGURE 22
Possible Modes of Stack Failure
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Minimum Sliding Force Required for Several Types of Container Materials

The calculations shown in example 4 demonstrates how the coefficient of
friction between container interface surfaces affects the minimum sliding force.
The coefficients range from 1.05 for aluminum on aluminum to 0.27 for plastic
on plastic. The friction coefficient for plastic on plastic was obtained from PET
(Polyethylene Terephthalate) plastic. The use of this value was suggested by
Owens Corning Fiberglass to simulate the gel coat surfaces on fiberglass
containers. It has been assumed that the woven glass fabric does not add any
surface roughness to the gel coat.

EXAMPLE 4
Minimum Sliding Force Required for Several Types of Container Materials

Y
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The force required to slide a container
F = poP = s W)

using
H,

1.05 for aluminum on aluminum
0.74 for steel on steel

0.70 for steel on woo-]

0.60 for wood on wood

0.27 for plastic on plastic

F=u ([‘—61-[51) . W
Yy y

where

required force in pounds,

number of containers above the slip plane,

normal force to slip plane,

weight of individual container in pounds,

height of individual container in feet,

. static friction coefficient,

] - quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4 . . . etc.).

g£90 T
(I I I I

—_— d
]

=078 |y, =070 | g =060

2.0 5.25 3.70 3.50 3.00 1.35

3.0 4.20 2.96 2.80 2.40 1.08

4.0 3.15 222 210 1.80 0.81
——
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Comparison of Sliding vs. Tip Over Force

Exainple 5 presents calculations comparing the force required to slide alumi-
num on aluminum versus the force required to tip over a stack of containers.
In each case, the restraining action of stacking interlocks has not been con-
sidered. The calculations show that the fcrce required to tip over a container
is less than the sliding force. At the end of this sample calculation, the case of
plastic on plastic is also presented. The calculation using this material shows
that the force required to slide is less than the tipping force.

The calculations also show that for most container materials studied tipping is
the dominant mode of failure. The exception {s for containers made of low
coefflcient of friction materials (e.g., plastic or fiberglass) where sliding could
be the d: minant mode of failure depending on the width.

Figure 23A thru E displays the tipping force vs. sliding force, for each of the
coefficients of friction. An examination of figures 23A thru D indicates that the
tipping over force is less than the sliding force. The curves in figure 23E
(plastic on plastic) shows that for container widths greater than 2 feet, the
force required to slide is less than the force required to tip. For those con-
tatner widths, even though sliding can occur first, the cffect can be ruled out if
stacking Interlocks exist.

EXAMPLE 5
Comparison of Sliding vs. Tip Over Force

Y
i
]
:
]

@ ]
]

]

1
i

® @
i
1
t
'

@
R —
]

T ;
‘)] y ®
1 X
l._ X
MEUTRAL COMDITION NORMAL CCNDITION NEUTRAL COHOINON
_TIPPING ~SLIDING
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Ty = 5*F Ty * (5) * (VW)

Equilibrium Condition
M frping = M pasmoring

5/sF = (g)t(N*W)

Substituting for "N"

F: ..x_tWtLG_
ST [y]

where

F = required force in pounds,

W= weight of individual container in
pounds,

X = individual container width in feet,

y = individual container haight in
feet,

1= quantity inside the brackets must

be truncated to a whole number
(e.g., 1234 ... etc),

N= total number of containers within
16 ft limit and truncated to a
whole number,

Substituting for "P"
F=px(nsW

Substituting for "n"

F =

W =
y=
(1=

by * ([1;-5 1]+ W)

required force in pounds,
static friction coefficient (frorn
example 4),

nomal force to slip plane in
pounds,

number of containers above
the slip plane,

weight of individual container
in pounds,

individual container stacking
height in feet,

quantity inside the brackets
must be truncated to a whole
number (e.g., 1,2,3,4 . . . etc.)
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i - B R IR S"diﬂg

For example Using the same container
dimensions as in tip over

| x = 3.63 feet y = 3.69 feet | example

F=1452*W For example
n=3

For aluminum on aluminum
Fencion ™ 1.05 (3" W) = 3.15*'W

For plastic on piastic
Fencion = 0.27 (3 * W) = 81*W

. - —
+ W = Wt of Contalner A -~ -
] ~,7 A
“-.'/ 5\\6\A’/
05 -
,_}\5‘/ —~
/ . ~ (*.’-‘-3')
Force <« o - swas = A)n
~— Yy
—w .1 -~ T s =
5~ _ ~ . -
- & —
/
- w
| 1 “PP‘M
0 -+ } f i
0.0 0.8 1.0 1.8 2.0

Width / Helght Ratio

FIGURE 23A
Tipping vs. Sliding Force (u=1.05, Aluminum-Aluminum)
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4 W = Wt of Container
T
10 -+ D)
i S =7
u:}\ A S\\é\mﬁ —°
- \b\“Q / - —
Force T "\/ - _ Y o
v, T s - stding (=30
i o« e _ —a— Sy (=F)_g
‘L - - 2 —— —0
- o/:/:////’O/o
1 & o
Tipping
0 { | 1 |
T 1 | LI
0.0 0.5 1.0 1.5 2.0
Width / Helght Ratio
FIGURE 23B
Tipping vs. Sliding Force (u=0.74, Steel-Steel)
+ W = Wt of Container
10 4+
-+ .\ 'l'\
- e snend &*/‘ -~
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—w 1 e - )
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FIGURE 23C
Tipping vs. Sliding Force (p=0.70, Steel-Wood)
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+ W = Wt of Container
10
Force 1
w 8
0
0.0 .
Width / Height Ratlo
FIGURE 23D
Tipping vs. Sliding Force (x=0.60, Wood-Wood)
T W = Wt of Contalner
10 +
-+
Force -
w p
8 —4-
0
0.0 0.5 2.0

1.0 1.8
Wwidth / Height Ratic

FIGURE 23E
Tipping vs. Sliding Force (4=0.27, Plastic-Plastic)
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Tip Over Location for a Stack of Containers with the Force Applied
5 Feet Above the Floor

From the previous section, it has been noted that with the use of stacking
interlock features, tip over will be the dominant mode of failure. The next part
of this study compares the amount of force to tip over a stack pivoting at the
floor versus a pivot point within the stack. Example 6 presents calculations
showing that, when applied 5 feet above the floor, the force required to tip the
stack at floor level will be less than tipping from one container level above the
floor. Figure 24 shows the relationship between the minimum tipping force on
containers, applied at 5 feet above a level floor, and the individual container
weight. Each curve has been plotted for a stack made up of one constant con-
tainer width to height ratio. The solid line indicates the minimum force
required to tip the stack at floor level. The dashed line indicates the minimum
force required to tip the stack at one container level above the floor. It can be
seen that for all container weights, the force to tip the stack at floor level is
less than the force required one container above the floor and the difference
between the forces increases with container weight.

EXAMPLE 6
Tipping Location for a Stack of Containers With the
Force Applied 5 Feet Above the Fioor

® E @
1
]
' (x) wigth: 3.63*
) (y) Height: 3.69"
¢ °
: _r1é6y _
: M= v =
| o
i ; @ H = 4x38 =14.76
T
> |
[ ] , ] Y
i |
p——
NEUTRAL CONOITION NORMAL COMDMON HEUTRAL CONDITION NORMAL CONJITION
TiIP OVER AT ONE CONTAINER TIP OVER AT FLOOR

ABOVE FLOOR
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———  —
Tip over at one container above floor. | Tip over at floor.
EMW = (S")’)‘F ZMTWM = 5/ « F
Mg = ) * (Vo) EMtsmicg = (5) * N+W)
v - (18 - N - (2
y Yy

Substituting for "N

6 Substituting for "N"
Bl 1)

x 16
PMame = (3)157) + #

Equilibrium Condition

M Equilibrium Condition

Tipping =£MM

- oF=(3) (151 -1) e W

EM ropune = 2-M pesoring

2 5 x F = (1)*([1_6] * W)
2)\y

Solving for "F" Solving for "F"

[1_6] -1 F = (i).([lﬁ] * W)
F = [1)‘ y W 10 y
2 5-y
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where where

F= required force in pounds, Fe= required force in pounds,

We waight of individual container in W= weight of individual container in
pounds, pounds,

X = individual container width in feet, | x = individual container width in

ys= individual container height in feet, feet,

()= quantity inside the brackets must | y = individual container height in
be truncated to a whole number feet,

N = (e.g., 1,234 ... etc), []= quantity inside the brackets
total of containers within 16-foot must be truncated to a whole
limit reduced by one for this number (e.g., 1,2,3,4 . . . etc.),
calculation. N= total number of containers

within 16-foot limit.

For example For example

x = 3.63' y=389 | x=3.83 y = 3.69'
16 5 16

[=1=4 [3)-=1 =) -
y y y
Fe= 1.452W
30 ®

-+

4 Mith x =2.62° \
—~ Haight [y =3.49° wi® ®
[ ] ] \‘\.‘ Lt
v o

[ -4 .GD °

o 20 + & o

o 4 we o

g L -‘\'»9 , [ ]

£ -
Lo 1 o
h -
L -
< ]
J P
0 —tt + } +—it

0 1000 2000 3000 4000 5000 6000 7000
Weight of Container (Ibs)

FIGURE 24
Comparison of Minimum Force for Stack Tip Over at Floor Level
vs. One Container Above Floor (Force Applied 5 feet Above Floor)
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Tip Over Location for a Stack of Containers with the Force Applied Near the Top
of the Column

Exainple 7 presents a series of fl|gures and calculations simulating a forklift
truck contact force belng applied at an elevation near the top of a stack. Each
of the sample calculations use a stack of six 2.5-foot high containers, with the
force belng applied 13 feet above the floor. The results indicate that the lowest
required force occurs when the six containers are pivoted as a group at the
floor level.
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Comparison of Stack Tip Over Force for a Level or 3-Degree Sloped Floor,
Applied 5 Feet Above the Floor

Example 8 shows a sample calculation used to find the force required to tip
over a container stack on a level floor. Exainple 9 shows a similar sample
calculation for the tip over force on @ - . ‘ainer stack with a floor sloped 3
degrees. Both of these calculations a_ ., the force at an elevation 5 feet above
the floor. The force could have been applied at any elevation, 5 feet was
selected to be consistent with the previous calculations. In using any other
point of application, the resulting tip over force between a level and 3-degree
sloped floor is relative. Figure 25 displays a series of curves relating the mini-
mum tip over force (based on container weight) applied at 5 feet above the
floor, to the container width to height ratio. The dashed lines indicate the
minimum force required to tip over the stack on a floor sloped 3 degrees. The
solid line indicates the minimum force required to tip the stack on a level floor.
It can be seen that for all container width to height ratios, the force to tip over
the stack on a floor sloped 3 degrees is less than the force required on a level
floor. The curves also show that as contatner width increases the force
required for tip over increases, and the effect of floor angle decreases.

Column 7 in table 2 presents the minimum tip over force for each of the
containers being studied. This value was calculated using the same equations
and limitations as shown in example 9.
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EXAMPLE 8
Stack Tip Over Force for a Level Floor, Applied 5 Feet Above the Floor

X = Stacking Width
@ Y = Stacking Height
W = Weight of the individual contginer
H 3 F N = Totol number of contoiners within
l 16" limit, which is truncated (16/y)
to o whole number.
@ I
? 5 H = N-y
)
y @ F = Min. req'd force to tip over
Y

1. ASSUMPTION

* Floor lev=l.

. Contain:rs are rigidly attached to each other.

. The center of gravity (CG) of the loaded container is a the
geometric center of the centainer.

. The force is being applied parallel to the floor.

2. CALCULATING THE MINIMUM REQUIRED FORCE TO TIP OVER
AT 5 FEET ABOVE FLOOR

Mg = S"F Mg = (-;-»(N*W)

3. EQUILIBRIUM CONDITION

TMppping = EMprng

5/+F = (%)*(N*m
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Solving for "F"

Substituting for "N"

where

F

where

Z <X g
1 | D I N N |

For example

x = 3.63' y = 3.69'

F =

F = 16“'W’(£)

1, ,x .
(;) (5) N+W)

N = 11§
y

5 ——(16*W) y(f.)
y

10

required force in pounds,
weight of individual container in pounds,

individual container width in feet,

individual container height in feet,

quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4 . . . etc.),
total number of containers within 16-foot limit.

10 y

16*W* iﬁ_B
10 3.69

= 1.574»W

[EE IR
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EXAMPLE 9

Stack Tip Over Force for a Flocr Sloped 3 degrees,
Applied 5 Feet Above the Floor

1
r ? J X = Stacking Width
Y = Stacking Height
\ @ W = Weight of the individual container
N = Total number of containers within
H @ F 16" limit, which is truncated (16/y)
to a whoie number.
0 5' H : N'y
j . F = Min. req’d force to tip over
U
v | d

1. ASSUMFPTION
. Floor is sloped 3 degrees.
. Containers are rigidly attached to each other.
. The center of gravity (CG) of the loaded container is at the
geometric center of the container.
. The force s being applied parallel to the floor.

2. CALCULATING THE MINIMUM REQUIRED FORCE TO TIP OVER AT
5 FEET ABOVE FLOOR

N« ,
M = §'«F + ——X)*WtSm 3°
e~ 5°F + (15

):Mmm = (%)*N +W=xCos 3°

3.  EQUILIBRIUM CONDITION
M g = TMpiroring

5'«F + (—Nzlyl*msm 3° - (%)*N*mm 30

s
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Solving for "F"

=.l.£. * °-M... * [ °
F 5((2)@: W)Cos 3 ( - ) (N W)Sm3)

Substituting for "N"
where

N =12
y

P (x*[_lﬁpc“ 3° - [185xy s 18] sin 3°)
10 y y y

16=W
10

((f)tCow 3° (16,451 3°)
y y

where

required force in pounds,

weight of individual container in pounds,

individual container width in feet,

individual container height in feet,

quantity inside the brackets must be truncated to a whole
number (e.g., 1,2,3,4...etc.),

N - total number of containers within 16-foot limit.

£

:‘<><
1

For example

x = 3.63' y = 3.69'

16w
10

F =

((E)t Cos 3° -39« sin 3°)
y y

1.63 . 16
- 160 [(2©3 30 -
160 ((3.69) *Cos V3

)+ Sin 3°)
= 1209 « W
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3.5
3.0 -%i W = Wt of Contalner . s
- ’.‘
1 _n
2.9 T . " @n
Force 2.0 % 5
v 3: : - o O 3:, -4
1.5 % " — o —
1.0 3 = - -
| EE - - - /
0.5 -+ — . -
0.0 : —+ - =
0.0 0.3 1 1.8 2.0

0 .
Width / Height Ratio

FIGURE 25
Comparison of the Required Minimum Force for Stack Tip Over on Level Floor
vs. 3-Degree Sloped Floor (Force Applied 5 feet Above Fioor)
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Minimum Stack Tip Over Force Compared to Force Possible by Personnel
Applied 5 Feet Above Floor With 3-Degree Slope

The values shown in column 7 of table 2 identifies the tip over force, calculated -=
at a height of 5 feet using a 3-degree floor slope. It can be seen that for all

containers being evaluated, the lowest tip over force is 150.9 pounds (Mk 399

Mod 0 Container). The maximum amount of force a person could apply from

shoulder height was found in MIL-HDBK-759B (table 51). In that table, the

horizontal force a person could apply, with one shoulder standing on a high

traction surface (p=.9), was identified as 310 N (67.9 pounds). This indicates

that the minimum amount of force calculated to tip over any of the containers

in this study is significantly higher than the force possible by a person leaning,

or pushing against a stack of containers.
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Comparison of the Displacement Required for Tip Over on a Level or 3-Degree
Sloped Floor, Measured 5 Feet Above the Floor

Example 10 shows a sample calculation used to find the displacement required
to tip over a container stack on a level floor. Example 11 shows a similar
sample calculation for the tip over displacement of a container stack with a
floor sloped 3 degrees. Both of these calculations consider tip over occurring
when the composite center of gravity for a stack passes through the vertical
axis of the pivot point. The lateral displacement and force causing tip over to
occur has been calculated at an elevation 5 feet above the floor. The force
could have been applied at any elevation, 5 feet was selected to be consistent
with the previous calculations. A comparison of the example calculations indi-
cates that a stack placed on a 3-degree slope will tip over with approximately
20 percent less displacement than a stack placed on a level floor.

Column 8 in table 2 presents the maximum displacement before tip over
occurs for each of the containers being studied. These values were calculated
using the same equations and limitations as shown in example 11.
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Stability Criteria

A review of the container data listed in table 2 reveals that several of the
containers at the top of the list have narrow bases, with tip over angles, forces,
and displacements relatively low. In real world situations, high stacks of
containers having these characteristics tend to sway, appear unstable, and the
assumptions used for this analysis become less valid. The values listed in
table 2 for the Mk 399 Mod 0 Container illustrating this point are reproduced
below:

| S,
| | ey )
| 52 | Mk 399/0 |SHRIKE| 12.00 0.7%

This situation necessitated the development of a criteria which provides a
tolerance on the analytical solution. It was decided that instability would be
judged if the displacement at the top of a stack on a 3-degree slope required to
cause tipover was less than 50 percent of the container’'s stacking width. This
criteria would result in sufflcient visual warning of a stability problem during
handling/stacking operations to avoid tip over of a contalner stack.

The use of this stability criteria required that the lateral displacement be
calculated at the top of the upper most containcr instead of at 5 feet above the
floor. Table 2, column 9 shows the top container displacement on a 3-degrce
slope for impending tip over, and column 10 shows the allowable displacement
according to the criteria (50 percent of the container's stacking width). The
five containers shown in the shaded area were affected by the application of
the stability criteria. In the conclusions section of this study, table 3 presents
the recommended stack quantity for each container which includes this
stacking limit factor.
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SEISMIC CALCULATIONS

Maximum Number of Stacked Containers Limited by Seismic Activity

Due to the specialized nature of seismic forces, this section of the analys{s was
supplied by the Naval Civil Engineering Laboratory (NCEL), Port Hueneme,
California. They developed a sample calculation (example 12) showing the
effect of various seismic accelerations on a stack of containers. Using the
sample calculation, NCEL then developed a table showing the maxdmum stack-
ing height for four container models at four values of effective acceleration.
The values of effective acceleration are related to seismic risk factor zones.
These zones, developed for the Uniform Building Code, are presented on a map
of the United States. (See figure 26.) Using the method of calculation supplied
by NCEL figure 27 was developed. This figure displays the maximum number
of stacked containers possible, using a range of width to height ratios of 0.5 to
2.0. Each of the curves show a trend of increasing stack height with
Increasing width to height ratios for a constant value of effective acceleration.
Additionally, the figure shows that for an tncrease in effective acceleration the
maximum number of containers in a stack is reduced.

Table 4 (Appendix A) identifies the maximum number of stacked containers in
the four seismic zcnes for each container being studied. This value was
calculated usic 3 the same equation and limitations as shown in example 12.
For containers noted in zone 1, the maximum number for a stack, has been
reduced to be within the table 3 (Appendix A) limit for maximum numbers of
stacked containers.

EXAMPLE 12
Maximum Number of Stacked Containers Limited by Seismic Activity.

In calculating the forces acting on a container stack during seismic activity the
overturning moment of the stack at the base is

v A
oTM, - Aa%‘zlj W, - Aaﬁ'zX(NW) = Nyw [_2.)

N - number of containers in stack,

y height of individual container in feet,

w gross weight of each container including contents in pounds.
A, - effective acceleration for site,

™, = overturning moment of stack at base.
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The resisting moment of stack at the base is

RM, = NWZ
2
wher.
N - number of containers {n stack,
W - gross welght of each container including contents in pounds,
x - width of the container in feet,
RM, -~ resisting moment of stack at base,

In thie serics of calculations sssume that the weight of each container is
reduced to ., 7W due to the eflects of vertical acceleration. The ratio of vertical
to hortzontal acceleration typically range between 1/3 and 2/3.

Hwevar, the vertical and horizontal peaks generally do not cccur stmulta-
neously.

RM, = .7NW(§)

At incipient overtuming of the stack,
OTM, = RM,

A X
Nyw |-2] « 0.INR | =
Y [2) [2)

ol

A

whate

cllective nccelerntion for site,

number of contalners in stack,

imdividual contwner width i feet,

mdividual container height in feet,

quantity instde the bruckets must be truncated to a whole
aymber (ey., 1,2,3.4...ctc.),

-.rz?

i)

ov
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The following table relates the seismic zones to the effective ground accelera-
tion.

Earthquake | Seismic Zone

_ Effective Ground

Ground Motion | (Figure 26) | Acceleration A, Q)
Low 1 0.1
Moderate 2 0.2
High 3 0.3
Severe 4 04

Using the effective ground acceleration shown in the above table, the next table
presents the maximum number of stacked containers for several models.

N is being calculated for no uplift at base of stack, with (Wge = 0.7 W)

1 CNUSGE | . MK831 . | CNU.443NE
| ‘W=1320 pounds | W=3590 pounds | W=1248 pounds
| xmosss | xyeost2

0.1 5 A 4* 6 *
0.2 2 5 3 3
0.3 1 3 2 2
0.4 1 2 1 1

|
|

*Limited by magazine height envelope of (16 feet)
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SUMMARY OF ANALYSIS

After evaluating the results presented in this study, the following
statements can be made:

Most containers evaluated in this study have their
maximum stack height limited by the 16-foot vertical
envelope. The remaining containers require stack
height reductions due to container development
specification limitations or tested strength.

Due to the self-centering action, the retractable stack-
ing arm containers should not have a large amount of
lateral displacement after being placed in a stack.

In the presence of lateral forces, for most of the con-
tainer materials studied, tipping is the dominant mode
of failure. The exception is for containers made of low
coeflicient of friction materials (e.g., plastic or fiber-
glass) where sliding could be the dominant mede of
fatlure depending on the width and stacking interlock.

For a stack of containers, the lowest required tipping
force occurs when all the containers act as a unit and
pivot at the floor level.

The minimum amount of force calculated to tip over
any of the containers in this study is significantly
higher than the force possible by a person leaning or
pushing against a stack of containers.

Under seismic conditions, an increase in effective
acceleration requires a reduction in the maximum
number of contalners in a stack.

65/(66 blank)
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CONCLUSIONS

Based upon the results of this study, the following conciusions
can be reached:

For all magazines, most containers studied can be
stacked to the full available height on floors having up
to 3 degrees incline without external forces applied.

For the containers being studied, the force from a
person leaning or pushing against the stack is insuffl-
clent to cause toppling.

Without applied lateral forces, the retractable stacking
arm style of container will not allow enough lateral
displacement to cause tip over.

To assure safety and stablility of narrow containers
during handling/stacking operations, the previously
noted stabllity criteria (page 58) must be applied.

For earthquake prone areas, significant reductions in

container stack height, may be required to assure
stack stabllity.

67/(68 blank)
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T R
RECOMMENDATIONS

Because stacking stability is significantly affected by procedure
and seismic conditions, the recommendations are presented in
three groups: Common Procedures, Non-Seismic, and Seismic.

COMMON PROCEDURES FOR STACKING

] When moving and placing containers on a stack, a
spotter must be present per NAVSEA OP-5.

. The spotter should alert the forklift operator when the
container stack begins to tip.

. Containers should be stacked with interlocking
features properly engaged.

. Loaded containers should be in "Code A" condition.

. The magazine floor should not have irregularities
which wculd cause rocking of the base container.

69




Technical Report 93003

NON-SEISMIC STACKING RECOMMENDATIONS

Table 3 has been compiled without considering seismic
conditions. The recommended safe stacking quantity for
each container is shown in the right column. The values
presented are based on a 16-foot vertical limit.

The following factors have reduced the maxdimum stack
height to a quantity less than allowed by the 16-foot limit:

. Note 1 identifles those containers that have been
tested only to meet the stacking strength requirements
of 49 CFR 178.600 for Performance Oriented
Packaging (POP). The stacking strength test under
this standard requires a minimum stack height of
3 meters (9.8 feet) as compared to 16 feet for
FED-STD-101.

. The stack quantities identified with Note 2 have been
reduced to match the known container specification.

. For those container stack quantities identified with
Note 3 the number has been reduced using the
previously noted stability criteria (page 58).

. The containers identifled with Note 4 are wood. For
the maximum stack height quantity to be reached the
wood must be in good structural condition. Also, due
to lack of stacking interlocks the containers must be
placed in a vertical line.

The values shown in table 3 are maximum allowable stack
quantities which should never be exceeded. Lower stack
height quantities inay be imposed by local restrictions.

For those containers not covered in this study the following
sample calculation has been developed for non-seismic
conditions.




~Step 1

Step 2

Step 3

Step 4
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Procedure and Sample Calcuiation to Determine the
Maximum Number of Containers Within a 16-Foot Limit
(Non-Seismic Condition)

Determining maximum stack keight limited by structural
strength.

Check the container development specification. If the
maximum number of containers in a stack is specified,
verify with the qualification test report and proceed to step 4
to check stability. If the design stacking strength cannot be
verifled in the qualification test report, go to step 2.

Check the POP test. If the container has been POP tested,
use the tested stack quantity as the maximum number of
stacked containers. Go to step 4 to check stability. If the
container has not been POP tested, go to step 3.

The container In-Service Engineering Agent (ISEA) should
determine the container's structural strength and maximum
stack quantity. After finding those values, go to step 4 to
check stability.

Checking and if necessary adjusting stack height for stability.

Calculate the maximum number of stacked containers using
the following equation:

a.

N = 35
y

where

N - total number of containers in a stack
within a 16 foot limnit,

y - individual container stacking height in
feet,

[} - quantity inside the brackets must be
truncated to a whole number
(e.g.. 1,2,3,4 . . . etc.).
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b. Next, calculate the maximum horizontal displacement
(Upax) and the safe allowable displacement (Ug,) at
the top of the upper most container in the stack.
Figure 28 presents both of these displacements in the
form of a drawing.

Ugge =05 * x
c.
a = Tan'Z
Nxy
d.
. 3
Sin(a-3) Sm(91.5-5a)
in(a« -
Uz = \/Xz + (N*y)? * ~ . @)
Sin(91.5-=)
2
where
N - total number of containers in stack within
a 16 foot limit, using whole numbers
(eg., 1,2,3.4 ... etc.),
X - container stacking width in feet,
y - container stacking height in feet.
€.

f U pyux ? Usare

the maximum number of stacked containers is

N =12
y




Step 5
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if U yux € U gape » reduce N by 1 and repeat the calculation
shown in step 4c¢ to 4e untl U . ) U e . The maximum
number of stacked containers i{s the number which satisfles
the condition

> U

Um SAFE

The maximum safe stacking quantity will be the smaller
number from steps 1, 2, 3, or 4.
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SEISMIC ZONE STACKING RECOMMENDATIONS

It is realized that the stacking height quantities shown in
table 4 for Zone 4 are not realistic for practical storage
density. Under seismic conditicns, there is a certain
amount of tip over risk for all stack heights in all zones.

It is recommended that the local magazine storage authority
decide how much risk can be tolerated based on past
experience with seismic activity in the area. The local
authority should make a decision whether the values shown
in table 4 (for seismic conditions) or table 3 (non-seismic
conditions) be used. If the values on table 3 are used, in a
high seismic activity zone, additional restraint may be
desired.

Procedure and Sample Calculation to Determine the
Maximum Number of Containers Within a 16 Foot Limit
(Seismic Condition)

Step 1 Complete the calculation for the stack quantity under non-
seismic conditions.

Step 2 For the location under consideration, select the seismic zone
from the map (figure 26).

Step 3 Select the Effective Ground Acceleration (A,) from the follow-
ing table.

 Eahquake | SSS™C | Effective Ground

Groupc} MO!VIOD (figure 26) Acrc_ejleratpn_qur (@
Low 1 0.1
Moderate 2 0.2
High 3 0.3
Severe 4 0.4
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Step 4 Calculate the maximum number of stacked containers using
the following equation:

x
Nsemuic = [0‘7 ( A y]]

where
Nseismac - number of containers in the stack,
y - individual container stacking height
in feet,
X - individual container stacking width
in feet,
A, = effective ground acceleration in g's,

(1 - quantity inside the brackets must
be truncated to a whole number
(e.g.. 1,2,3,4 ... etcl).

Due to a combination of width to height ratio and seismic
zone, if Ng;.5\ac 2quals zero, the container under evaluation
has the potential to tip over on its side during an
earthquake.

Step 5 The maximurn safe stacking quantity will be the smaller
number from step 4 or the non-seismic stack value.




APPENDIX A

Tables
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TABLE 3. RECOMMENDED NUMBER OF STACKED LOADED CONTAINERS
IN MAGAZINES (NON-SEISMIC CONDITIONS)
Recommended
Item Container Program Stacking  Stacking Gross Maximum
No. Designator Width Height W, Number of Stacked

Containers

(i) Gn) (lbs) *(Note #)
1| CNU-124A/B Phoetix 17.85 26.50 2649 7
2{ CNU-131/E Maverick(Air Force) 25.60 27.30 911 *(1) 4
3] CNU-154AE Walleye 28.00 32.00 2950 6
4 CNU-154B/E Walleye 32.60 28.70 2855 6
S| CNU-154C/E Walleye 32.60 28,70 2855 6
6| CNU-166/E Sparrow (Air) 36.00 23.00 2400 )
7] CNU-167/E Shrike 36.00 22,00 807 8
8| CNU-228/E Phoenix 19.00 33.44 1502 5
91 CNU-242A/E Phoenix 38.00 27.63 2975 6
10| CNU-242/E Phoenix . 38.00 27.63 30ss 6
11| CNU-263E Mavoerick(Air Force) 28./5 29.50 728 *(1) 4
12| CNU-287/B Sidewinder 35.38 15.63 1154 12
13 CNU-295E HARM 36.00 25.00 1810 7
14| CNU-305/E Sparrow 45.00 21.00 pLyk] 9
15| CNU-308/E Tomahawk 24.70 34.48 $s18 s
16| CNU-319E Skipper 32.12 19.00 1513 10
17| CNU.35%/8 HARM 35.00 22.64 2400 |
18| CNU-3I56/B Walleye 38.00 27.60 3042 6
19| CNU-IE Maverick (Navy) 27.00 28.70 1035 (1) 4
20| CNU4ISAEB AMRAAM 16.00 18.79 207 10
211 CNU-41SE AMRAAM 46.00 18.79 1929 10
22| CNU-434/B Sldsarm 16.00 18.89 1213 o«1) 6
23| CNU-43S/B Sidewindsr 36.00 13.89 1538 *(1) 6
24| CNU-43E TALD 38,28 26.00 1576 7
251 CNU-443)B Penguin 3.09 24.00 1246 ]
26| CNU447/B Maverick (Navy) 28.18 29.26 i 6
27| CNU-4T2H Maveriok (Navy) 32.00 29.50 ) (1) 4
28, CNU-A91/E TALD 33.00 22.00 1188 o1) 4
29| CNU-S)e/H TALD 35.00 24.18 1320 7
0| MKi2-] 1._Ypwrow 30.00 37.24 1427 7
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TABLE 3. RECOMMENDED NUMBER OF STACKED LOADED CONTAINERS
IN MAGAZINES (NON-SEISMIC CONDITIONS)

(Continued)
Recommended
Item Container Program Stacking  Stacking Gross Maximum
No. Designator Width Height Wt. Number of Stacked

Containers

(in) (in) (bs) *(Note #)
31| MK13-0 Walleye 37.07 33.45 2950 5
32 MK 13 Standard VLS 39.40 41.25 4275 4
33 MK 14-0 Shrike 36.00 24.38 1780 7
34 MK14-0 Tomahawk VLS 40.12 43.00 6891 4
35 MK 14-1 Tomahawk VLS 40.12 43.00 6831 4
36| MK15-0 ASROC VLA 39.40 41.25 4430 4
37, MK16-0 Sidewinder 35.38 15.38 1159 12
38| MK183-2 ASROC 19.00 33.02 1760 *(2) 4
39| MK197-1 MK46 Torpedo 16.50 21.53 828 *(3) 7
40| MK199-0 SM Extond. Range 27.00 29.25 2060 6
41| MK199-1 SM Extend. Range 26.57 29.28 2060 6
42) MK200-0 SM Extend. Range 27.00 29.28 2591 6
43 MK200-1 SM Extend. Range 27.00 29.25 2591 6
MK30-0 Tomshawk CLS 39.75 41.00 8731 4
45| MK30-1 Tomabawk CLS 39.75 41.00 $731 4
46 MK372-0 SM Medium Range 28.00 28.40 2210 6
47| MK372-1 SM Medium Rauge 28.00 27.75 2210 6
48 MKIT2-2 SM Medium Range 28.25 27.38 2210 7
49| MKIN2-3 SM Medium Range 28.00 27.78 2210 6
S50{ MK3I72-§ SM Medium Range 28.00 27.75 2210 6
51| MK™m.7 SM Medium Range 28.00 27.75 2210 6
52)] MK399-0 Shrike 12.00 16.81 688 *(3) 6
53| MK426-0 Walleys 18.24 29.86 1602 *(3) s
S4) MK 426-1 Walleye 18.24 29.%6 1602 *(3) 5
55| MK470-0 Sparrow (Sea) 21.00 20.56 258 9
36, MK 470.1 Sparrow (Bes) 21.00 20.56 868 9
$7| MK481-0 MK 48 Torpedo 22.00 33.00 4434 *(2) 4
$8, MK 411} MK 48 Torpsdo 30.00 34,00 4634 H
59| MK 48] adoap MK 48 Torpedo 29.75 34,00 4376 L
OOJ MK $35 -0 MK46 Torpedo 17.78 23.48 370 *(3) 6
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TABLE 3. RECOMMENDED NUMBER OF STACKED LOADED CONTAINERS
IN MAGAZINES (NON-SEISMIC CONDITIONS)

(Continued)
Recommended
Item Container Program Stacking  Stacking Gross Maximum
No. Designator Width Height Wt. Number of Stacked
Containers
Gn) (in) (bs) *(ote #).
61} MKS593-0 SM Rocket Motor 20.00 25.00 1159 *4) 7
62| MK6&607-0 Harpoon 37.50 28.50 3289 *(2) 5
63| MK608-0 ASROC (Harpoon) 28.50 31.00 2500 *2) 4
64| M611-0 HAWK 28.70 41.50 3351 4
65| MK630-0 Harpoon 43.25 36.25 3667 5
66| MKG631-0 Harpoon 43.50 4.25 3590 4
67| MK632-0 Harpoon 28.00 27.50 2220 6
68 MK 636-0 SM Extend. Range 21.62 29.87 2759 *(2) 4
69| MK693-0 SM Rocket Motor 20.00 25.00 1362 *(4) 7
70 MK6%4-0 Harpoon 30.00 40.25 5800 4
71 MK714-0 MK 50 Torpedo 23.03 24.00 1180 8
72, MKMN4-1 SLAM 37.57 29.83 3924 6
73] MK760-0 MK 48 Torpedo 22.75 34.00 4876 5
® Notes:

1.  POP (Performance Oriented Packaging) tesied.
2. Based on the container development specification.

3,  The Number of Stacked Containers has been reduced considering the Safe
Allowable Horizontal Displacement and the Maximum Allowable Displacement in Table 2.

4. This container (s made of wood. To achieve the maximum stack height quantity,
the wood must be in a good structural condition. Also, dus to Iack of stacking interlocks
the containers must be placed in a vertical line,
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TABLE 4. THE MAXIMUM NUMBER OF STACKED LOADED CONTAINERS
IN MAGAZINES (SEISMIC CONDITIONS)

Item Container Program Ratio Max. No. of Stacked Containers
No. Designator Under the Scismic Condition
x/y Zone 1 Zone 2 Zone 3 Zone 4

1| CNU-124A/E Phoenix 1.428 . 7 4 3 2

2! CNU-13I/E Maverick(Air Force) 0.938 . 4 3 2 1

3| CNU-1S4A/E Walleye 0.875 6 3 2 1

4| CNU-154B/E Walleye 1.136 . 6 3 2 1

5 CNU-154C/E Walleye 1.136 i 6 3 2 1

6| CNU-166/E Sparrow (Air) 1.565 i 8 5 3 2

7| CNU-167B Shrike 1.636 b 8 L] 3 2

8 CNU-228/B Phoenix 0.568 3 1 1 b 0

9 CNU-242A/EB Phoenix 1.375 hd 6 4 3 2
10! CNU-242/E Phoenix 1.375 . 6 4 3 2
11 CNU-263/E Maverick(Air Force) 0.975 . 4 3 2 1
12| CNU-287RE Sidewinder 2.264 i 12 7 5 3
13| CNU-295/E HARM 1.440 . 7 s 3 2
14 CNU-305/E Sparrow 2.143 * 9 7 5 3
15| CNU-3048/2 Tomahawk 0.716 5 2 1 1
16] CNU-315E Skipper 1.691 . 10 s 3 2
17| CNU-I55B HARM 1.546 . 8 b 3 2
18| CNU-3S6E Walleye 1.377 . 6 4 3 2
19| CNU-399/E Maverick (Navy) 0.941 . 4 3 2 1
20| CNU-41SA/E AMRAAM 1.916 * 10 6 4 3
21, CNU-415E AMRAAM 1.916 . 10 6 4 3
22! CNU34/E Sidearm 1.906 * 6 6 4 3
23 CNU43IS/B Sidewinder 1.906 . 6 6 4 3
24| CNUAG/E TALD 1.471 7 5 3 2
25| CNU-443/B Penguin 0.962 6 3 2 1
26| CNU-4E Maverick (Navy) 0.963 6 3 2 1
27| CNUATZE Maverick (Navy) 1.085 . 4 3 2 1
28| CNU-491/E TALD 1.500 i 8 5 3 2
29! CNU-536/E TALD 1.447 . 7 s 3 2
30{ MK12-1 Sparrow 1.322 . 7 4 3 2
31| MK13-0 Walleye 1.108 b 5 3 2 1
32 MK13 Sundard VLS 0.955 i 4 3 2 1
33| MK14-0 Shrike 1.477 . 7 s 3 2
34, MK14-0 Tomahawk VLS 0.933 . 4 3 2 1
3s MK 14-1 Tomahawk VLS 0.933 . 4 3 2 1
36| MK15-0 ASROC VLA 0.955 . 4 3 2 1
371 MK16-0 Sidewinder 2.301 * 12 8 5 4
38| MK183-2 ASROC 0.578 4 2 1 1
¥ MK197-1 MK46 Torpedo 0.766 L 2 1 1
40 MK199-0 SM Extend. Range 0.9 6 3 2 1
41| MK 199 -1 SM Extend. Rasge 0.908 6 k! 2 1
42| MK200-0 SM Extend. Range 0923 6 3 2 1
A} MK200-1 SM Extesd. Range 0.923 6 3 2 1
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TABLE 4. THE MAXIMUM NUMBER OF STACKED LOADED CONTAINERS
IN MAGAZINES (SEISMIC CONDITIONS) (Continued)

Item Container Program Ratio Max. No. of Stacked Containcrs
No. Designator Under the Seismic Condition
x/y Zone 1 Zone 2 Zone 3 Zone 4
4| MKI¥-0 Tomahawk CLS 0.970 . 4 3 2 1
45| MK3I0-1 Tomahawk CLS 0.970 . 4 3 2 i
4 MK3I72-0 SM Medium Range 0.986 6 3 2 1
47| MK3I?2-1 SM Medium Range 1.009 b 6 3 2 ‘.
48| MK3IT2-2 SM Medium Range 1.032 7 3 2 1
49| MK3I72-3 SM Medium Range 1.009 6 3 2 1
50 MK372-$§ SM Medium Range 1.009 * 6 3 2 1
51| MK372-7 SM Medium Range 1.009 * 6 3 2 1
52| MK399-0 Shrike 0.714 4 2 1 1
53 MK 426 -0 Walleye 0.611 4 2 1 1
54| MK426-1 Walleye 0.611 4 2 1 1
55 MK 470-0 Sparrow (Sca) 1.021 7 3 2 1
56 MK470-1 Sparrow (Sca) 1.021 7 3 2 1
57 MK 481 -0 MK 48 Torpedo 0.667 4 2 1 1
58 MK 481 -1 MK 48 Torpedo 0.882 5 3 2 1
59| MK 481 adcap MK 48 Torpedo 0.875 5 3 2 1
60 MK 535-0 MK46 Torpedo 0.743 5 2 1 1
61 MK 593 -0 SM Rocket Motor 0.800 5 2 1 1
62 MK607-0 Harpoon 1.316 * 5 4 3 2
63} MK608-0 ASROC (Harpoon) 0.519 . 4 3 2 1
64| M61L-0 HAWK | 0.692 4 2 1 1
65) MK&630-0 Harpoon 1.193 b s 4 2 2
66| MK631-0 Harpoon 0.983 . 4 3 2 1
67| MKé632-0 Harpoon 1.018 * 6 3 2 1
68| MK636-0 SM Extend. Range 0.724 . 4 2 1 1
) MK693-0 SM Rocket Motor 0.800 5 2 1 1
70 MK 694 - 0 Harpoon 0.745 * 4 2 1 1
n MK714-0 MK 50 Torpedo 0.960 6 3 2 1
_ 72| MK724-1 SLAM 12591 * 6 4 2 2
[ L 73] MK760-0 MK 48 Torpedo 0.669 4 2 1 1
Notes:

*  The Maximum Number of Stacked Containers in Scismic Zonc 1 has been reduced
to be within the Table 3 limit for the Maximum Number of Stacked Containers.
s Due to the combination of Width to Height Ratio and seismic zone, the notes
container has the potentisl to tp over on its side during an carthquake.




